Background: Differentiating cardiogenic pulmonary edema from other bilateral lung diseases such as pneumonia is frequently difficult. We conducted a retrospective study to identify predictors for cardiogenic pulmonary edema and non-cardiogenic causes of bilateral lung infiltrates in chest radiographs. Methods: The study included patients who had newly developed bilateral lung infiltrates in chest radiographs and patients who underwent echocardiography. Cases were divided into two groups based on the echocardiographic findings: the cardiogenic pulmonary edema group and the non-cardiogenic group. Clinical characteristics and basic laboratory findings were analyzed to identify predictors for differential diagnosis between cardiogenic and non-cardiogenic causes of bilateral chest infiltrates. Results: We analyzed 110 subjects. Predictors of cardiogenic pulmonary edema were higher brain natriuretic peptide (BNP) levels, lower C-reactive protein (CRP) levels on the day of the event (＜7 mg/dL), age over 60 years, history of heart disease, and absence of fever and sputum. CRP on the day of the event was an independent factor to differentiate cardiogenic and non-cardiogenic causes of newly developed bilateral chest infiltrates. Also, the validity was comparable to BNP. Conclusion: Clinical symptoms (sputum and fever), medical history (dyslipidemia and heart disease), and laboratory findings (BNP and CRP) could be helpful in the differential diagnosis of patients with acute bilateral lung infiltrates in chest radiographs.
Introduction
Many patients visit the emergency department of primary care centers with acute shortness of breath, and their chest radiographs show bilateral haziness. Many kinds of diseases can cause bilateral chest infiltrates and can be classified as cardiogenic pulmonary edema or non-cardiogenic-related, with pneumonia as one of the most important non-cardiogenic causes. Pneumonia should be treated with proper antibiotics and hydration, whereas pulmonary edema should be treated with diuretics. Thus, a differential diagnosis should be made promptly to adequately manage the patient.
Plasma concentrations of certain natriuretic peptides or their precursors, especially brain natriuretic peptide (BNP) and N-terminal pro-brain natriuretic peptide, are helpful in the diagnosis of heart failure. Several clinical and epidemiological studies have demonstrated a direct relationship between increasing plasma concentrations of natriuretic peptides and decreasing cardiac (usually left ventricular [LV] ) function [1] [2] [3] . A large study has confirmed that BNP levels can help in differentiating cardiac
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failure from respiratory acute breathlessness in the US emergency room setting 4 . Monitoring BNP levels also improves the care of patients with acute dyspnea and thereby reduces hospital time and total treatment cost 5 . C-reactive protein (CRP) is an acute-phase reactant that is synthesized by hepatocytes. Its production is stimulated mainly by interleukin-6, interleukin-1β, and tumor necrosis factor-β in response to infection or tissue inflammation 6 . Since its identification in 1930, CRP levels have been studied as a screening device for inflammation, a marker for disease activity, and a diagnostic adjunct 7 . Measurement of CRP levels is regarded as the most suitable tool in the differential diagnosis of pneumonia and other diseases [8] [9] [10] , and in general practice, can be used to identify infection due to the rapid test time and cost-effectiveness.
However, based on emerging data, CRP levels can be also used as an index for systemic inflammation in acute decompensated heart failure 11 and as an independent predictor for long-term outcome in heart failure 12 . Data showed that CRP levels could be elevated higher than 10 mg/dL under noninfectious conditions of patients with heart failure. Patients with heart failure and LV systolic dysfunction had higher CRP levels (10.9±18.0 mg/dL) than those with no heart failure (7.9±12.1 mg/dL, p＜0.001) 13 . In another study, CRP levels significantly increased in patients with acute pulmonary edema compared to patients with stable heart failure who were completely asymptomatic and had never sustained an episode of acute congestive heart failure 14 . Thus, CRP may not be suitable as an index for differential diagnosis of cardiogenic and non-cardiogenic cases, especially pneumonia. So, we conducted a retrospective study to identify predictors for cardiogenic and non-cardiogenic causes of acute bilateral lung infiltrates in chest radiographs and to elucidate whether CRP levels compared to BNP levels aid in differential diagnosis.
Materials and Methods
Our study was designed as a retrospective study at Seoul National University Hospital, which is a tertiary referral center. From September 1, 2008 to May 31, 2009, we included patients who had newly developed bilateral lung infiltrates in chest radiographs and underwent echocardiography within 48 hours from an emergency department visit.
Exclusion criteria were concomitant cardiogenic pulmonary edema and pneumonia, some combined other infection excluding pneumonia, neutropenia, a known malignancy with lung metastasis, and primary lung cancer.
Using echocardiographic findings, we divided patients into two groups, the cardiogenic pulmonary edema group and the non-cardiogenic group. Patients with LV systolic dysfunction or those with LV diastolic dysfunction were placed in the cardiogenic pulmonary edema group (i.e., the cardiogenic group) and patients lacking these features were placed in the non-cardiogenic group. Systolic dysfunction was defined as LV ejection fraction (LVEF) below 45% (LVEF≤45%) 15 , and diastolic dysfunction (heart failure with preserved ejection fraction) was defined as preserved LVEF (＞45%) with LV relaxation abnormality or diastolic stiffness (E/ E′ratio＞15) 16 . Age, gender, and past medical histories were reviewed from medical records. Clinical characteristics including vital signs and basic laboratory findings including CRP and BNP levels were analyzed.
To find patients with pneumonia in the non-cardiogenic group, we used following clinical criteria which were the presence of a new or progressive infiltrate in the chest radiograph, plus at least 2 of the following 17 : acute respiratory symptoms or changes in chronic symptom characteristics, fever above 38 o C during the initial 24 hours of hospital admission, leukocyte count＞12.0 (×10 3 /μL), and microbiological confirmation with isolated microorganisms known to be pulmonary pathogens. These criteria were also used to exclude patients with pneumonia in the cardiogenic group.
To compare and assess the extent of radiologic infiltration, we used the lung scoring system 18 . Lung fields in the chest X-ray were divided into three zones by imaginary horizontal lines and further divided into me- Values are presented as number (%). *Heart disease: acute coronary syndrome, coronary artery bypass graft, valvular heart disease, arrhythmia. SD: standard deviation; ESRD: end stage renal disease.
dial and lateral halves using an imaginary vertical line between the midline (vertebral spines) and the vertical line along the outer margin of the rib cages. Thus, each lung was divided into six segments. Based on the radiolucency of the lung infiltrates in the chest X-ray, scoring points (0 to 2; 0, normal alveolar picture; 1, patchy white infiltrates; 2, totally white infiltrates) were assigned to each segment 18 . Lung injury scores were not statistically different between the two groups.
This research was approved by the Institutional Review Board of Seoul National University, and has therefore been performed in accordance with the Declaration of Helsinki.
Statistical analysis
We first conducted a univariable analysis to compare clinical characteristics between the cardiogenic and the non-cardiogenic group using student's t-test and MannWhitney U-test for continuous variables, and the chisquare test and Fisher's exact test for categorical variables. We then made statistical models for multivariable analyses. Variables with p＜0.20 in univariable analyses were included in the initial multivariable models, and the backward elimination method with a likelihood ratio test was used to obtain a final model. We made two models: the CRP-model in which BNP levels were not included and the BNP-included model. The two final models were compared in classification power using Stat's roccomp command. The cutoff value of sensitivity and specificity of two models was based on the median value of the BNP and CRP levels. p＜0.05 were regarded as statistically significant, and all statistical analyses were performed with SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) and STATA version 11.1 (Statacorp, College Station, TX, USA).
Results
Among patients who visited the emergency department during the study period, 250 patients showed bilateral chest infiltrates and underwent echocardiography within 48 hours of the initial chest X-ray. In total, 140 patients were excluded before data analysis, and 110 patients met the inclusion criteria for the study. Exclusion criteria were other infections except pneumonia (n=50), heart failure combined with pneumonia (n=45), malignancy with lung metastasis or primary lung cancer (n=27), and neutropenia (n=18).
Characteristics of the two patient groups are given in Table 1 . The cardiogenic group had 60 patients (54.5%) and the non-cardiogenic group had 50 (45.5%). Based on previously mentioned criteria, 40 patients (80%) of the non-cardiogenic group were diagnosed with pneumonia. Smokers were more prevalent in the cardiogenic group with statistical significance. The proportions of patients with dyslipidemia and heart disease (acute coronary syndrome, coronary artery bypass grafting, valvular heart disease, and arrhythmia) were higher in the cardiogenic group, and more patients with malignancy were in the non-cardiogenic group. In the univariable analysis, cough, sputum, fever, and chilling sensations were more prevalent in the non-cardiogenic group, and body temperature was also higher in that group. Systolic and diastolic blood pressures were significantly higher in the cardiogenic group. The percentage of segmented neutrophils and fibrinogen levels were higher in the non-cardiogenic group. Higher albumin and BNP levels were observed in the cardiogenic group. CRP values on the day of the event and the following day were significantly higher in the non-cardiogenic group than the cardiogenic group, but no difference was observed over time (Table 2, Figure 1 ).
Echocardiographic findings of the two groups showed significant differences in LV dimension and LVEF (Table 3) . Table 4 shows the final model without BNP levels as covariates. CRP levels greater than 7 mg/dL on the day of the event showed a 5.6 times higher possibility of non-cardiogenic causes even when other covariates were adjusted. Other independent predictors of non-cardiogenic causes were no history of heart disease and the presence of sputum and fever.
We performed a multivariable analysis including BNP levels as covariates (Table 5 ). An age over 60, presence of dyslipidemia, and higher BNP levels were independent predictors for the cardiogenic group, whereas the presence of sputum, fever, and chilling sensations were predictors for the non-cardiogenic group. In the BNP-included model, CRP levels did not remain as independent predictors. Two models showed good calibration and discrimination (Figure 2 ). No significant difference in discrimination power was detected between the CRP-and BNP-models (p=0.535). The CRP-model showed a sensitivity and specificity of 82.0% and 90.0%, respectively.
Discussion
This study showed that CRP levels above 7 mg/dL on the day of the event showed an over fivefold higher possibility of non-cardiogenic causes even when other covariates were adjusted. In addition, CRP levels were comparable to BNP levels as a clinical predictor for the differential diagnosis of cardiogenic and non-cardiogenic causes in newly developed bilateral infiltrative chest lesions.
Acute shortness of breath with bilateral chest infiltrates in a simple chest radiograph is a common emergency department presentation and can be associated with a long list of differential diagnoses. Differentiating between cardiogenic causes, such as pulmonary edema with heart failure, and non-cardiogenic causes, including pneumonia, which need specific evaluation and management, is most important. Echocardiography can be used to assist in the diagnosis of heart failure, but limited availability in the acute setting and high cost frequently limit its use. Therefore, other simple and useful screening tests to predict cardiogenic causes are needed.
BNP is a natriuretic peptide produced within the heart and is released in response to ventricular overload and stretching. Several studies 2, 19, 20 have demonstrated a marked elevation in BNP plasma levels in patients with systolic failure of the left ventricle. Furthermore, studies have shown that a restrictive filling pattern associated with systolic dysfunction is predictive of even higher BNP levels 21, 22 . This convenient tool for the evaluation of dyspnea, especially from cardiogenic and noncardiogenic (respiratory) causes, is widely used in clinical settings in conjunction with other clinical information. However, the high cost of the BNP test is a limiting factor in screening for acute dyspnea.
Many studies have established a relationship between CRP levels and lower respiratory tract infection 2, 19, 20 . They provided evidence for the usefulness of CRP levels to diagnose pneumonia and to assess the severity of pneumonia, which suggests the utility of CRP levels as a screening tool for the differentiation of bilateral infiltrates. However, several studies have reported increases in CRP levels in patients with chronic heart failure as a marker of systemic inflammation and as a prognostic indicator of heart failure 11, 12, 14 . Increased CRP levels have also been observed in acute decompensated heart failure of cardiogenic pulmonary edema patients, although considerable variation was seen in the CRP values (range, 2.6-25 mg/dL) according to various studies [11] [12] [13] . Thus, whether CRP levels can be a useful predictor in differentiating between cardiogenic and non-cardiogenic causes has been unclear.
This study showed that CRP levels were more elevated in the non-cardiogenic group than the cardiogenic group, and 80% of the non-cardiogenic group had pneumonia. CRP levels above 7 mg/dL (median value) at the day of the event showed a 5.6-fold higher possibility of non-cardiogenic causes. Moreover, in the comparison between the CRP and BNP models, no significant difference was observed in sensitivity, specificity, and area under the receiver operating curve, which suggests comparable predicting power between the CRP and BNP models. CRP models with a relatively lower cost than BNP models can be effectively used to differential diagnose acute dyspnea from bilateral infiltrates.
In the non-cardiogenic group of our study, CRP levels peaked at day 2 and gradually decreased to lower than day 1 CRP levels. However, in the cardiogenic group, CRP levels peaked at day 3 and slowly decreased, but never reached below the initial value. The last measurement of CRP values was higher than day 1 in the cardiogenic group. The change in CRP levels of the non-cardiogenic group was much more variable and faster than that of the cardiogenic group whose CRP levels were less variable and slower.
This observation can be explained by differences in the CRP kinetics between the two groups. In heart failure, baseline CRP levels were slightly elevated due to systemic inflammation and were stimulated in a limited degree due to an episode of acute exacerbation 23 . In pneumonia, the basal level is low and an infection stimulates rigorous CRP production, with CRP levels reaching a steady state by 48 hours and eventually decreasing once the stimulus has been removed 23 . Delays in properly managing the cardiogenic group may explain the aforementioned phenomenon. Initially, antibiotics were used in 40% of the cardiogenic group (data not shown). For final outcomes, such malpractice wastes resources and needs to be reduced. However, these findings demonstrate the difficulty in differential diagnosis in cases of bilateral chest infiltrates.
This study has several limitations. Because it was performed retrospectively, the usable variables were limited. Some physical findings such as jugular venous pressure and bilateral breathing sounds, which are important in diagnosing cardiogenic pulmonary edema, were not available due to limited records.
We also did not include patients with lung cancer or metastatic lesions of the lung. Our study targeted patients with newly developed bilateral chest infiltrates. Determining whether the chest lesions of patients with lung cancer or metastatic lesions were new or old was difficult, so those cases were excluded.
We did not include patients with both cardiogenic pulmonary edema and pneumonia concomitantly. Because, our study aimed that if there are good predictors for cardiogenic vs. non-cardiogenic causes in bilateral chest infiltrates. To achieve this objective, the gray zone patients between the cardiogenic and non-cardiogenic groups should be excluded. However, in the actual clinical setting, many patients may fall in that zone, making it difficult to solve with clinical research.
In summary, higher BNP levels, lower CRP levels at the day of the event (especially below 7 mg/dL), a history of heart disease, and absence of fever and sputum were predictors of cardiogenic pulmonary edema. CRP levels on the day of the event comprised an independent factor in differentiating between cardiogenic and non-cardiogenic causes of newly developed bilateral chest infiltrates. Also, the validity was comparable to that of BNP.
This study suggests that when you meet a patient with acute bilateral lung infiltrates in chest radiographs, clinical symptoms (sputum and fever), a medical history (dyslipidemia and heart disease), and laboratory findings (BNP and CRP) may be helpful in the differential diagnosis of cardiogenic pulmonary edema and non-cardiogenic causes such as bilateral pneumonia.
